Arthrogryposis multiplex congenita was studied in a newborn thoroughbred foal. The syndrome affected only the left hind limb allowing the right hind limb to serve as a reference. There was a significant depletion of large motor neurons from the ventral horn of the spinal cord from Ls to S., on the affected side. Hypoplasia of nerves, muscles, and bones was
present in the affected limb. Histologically, hypoplasia and degeneration of myofibers and nerve bundles were seen. No cause of the syndrome, which corresponds to most human cases, was determined. Neuromuscular arthrogryposis was diagnosed because of the difficulty in distinguishing primary neuropathic from primary myopathic forms of the disease.
Arthrogryposis or congenital articular rigidities is a syndrome resulting from fixation of joints, often in flexion (gryposis = "crooking"). It usually is present at birth and involves multiple joints, hence the frequently used term arthrogryposis multiplex congenita.2' The majority of human cases are believed to be neurogenic. A few are associated with various forms of myelodysplasia and a few with peripheral neuropathies, but the majority result from undefined disturbances of the anterior horn cells.1.3*6.21*22 Skeletal malformations and connective tissue disorders rarely account for arthrogryposis in man and although oligohydramnios is a frequent finding, pure fetal confinement is not regarded as a common cause. 22 In man, the infrequent myopathic forms of arthrogryposis have been associated with various muscular dystrophies or myotonia and strong hereditary factor^.^,^' Arthrogryposis resulting from the neuromuscular dysfunction of congenital myasthenia or the use of muscle relaxants during pregnancy also is uncommon. 20 In domestic animals hereditary arthrogryposis has been associated with forms of myelodysplasia in cattle and pigs.". l5 Akabane virus infection in utero, resulting in arthrogryposis, is well described.l3-I4 Although many toxic plants are associated with the disorder, particularly in cattle and swine, the actual pathogenesis usually is not defined.4"0.'2 The syndrome known as "contracted l 9 includes arthrogryposis.". l6 Details of examination of neuromuscular tissues are lacking in studies of this syndrome; primary skeletal defects simply have been suggested and no myogenic or neurogenic . forms have been described in the horse. This paper will document a case of equine neuromuscular arthrogryposis.
Case History
The subject of this report was a twelve-hour-old thoroughbred filly foal born at term to a primiparous four-year-old mare following an uncomplicated gestation and delivery. The mare had had no recorded illnesses or accidents since amving at a north-central Florida farm as a yearling, where routine feeding, vaccination and anthelmintic practices for the area were camed out. On this farm, one other unrelated foal was born very depressed and subsequently died prior to this foal's birth. During the previous year another foal was born 30 days preterm and succumbed. Immediately following birth, this foal held its left hind limb in fixed flexion and could not stand up. A small feeding of colostrum was given and the foal was brought to the hospital for evaluation.
Marked flexion-fixation of the left hind stifle and hock joints were evident on examination ( fig. 1) . These joints had approximately 10% of the normal range of motion. Some degree of flexion of the fetlock also was evident although its range of motion was about 50% of normal. The left hip joint had decreased range of flexion and extension. The left quadriceps muscle was very small and felt like a firm fibrous band. There was slight atrophy of the left coccygeal, gluteal, semimembranosus, semitendinosus, gastrocnemius, and cranial tibia1 muscles compared to these muscles on the right limb.
A diagnosis of arthrogryposis involving the left hind limb was made. Radiographs showed all longbones to be smaller than those in the right hind limb. Needle electromyographic examination revealed small (< 1000 pm V) motor unit action potentials in the insertional activity of the muscles of the left hind leg. Intensive nursing care and physiotherapy were provided and the hind limb became sufficiently supple that it could reach the level of the right fetlock joint when the foal was standing.
Due to the complication of sepsis from decubital sores, and in spite of intensive antimicrobic and plasma therapy and only slow progress in the foal's ambulatory ability, euthanasia was recommended. Under terminal anesthesia an attempt was made to surgically relieve the contractures. A left hock capsulectomy and tenotomy of the common digital extensor and the peroneus tertius improved range of motion in the hock. Myotomy of the semitendinosus and semimembranosus muscles provided little relief of the stifle flexion. The foal was killed painlessly.
Analysis of a terminal cerebrospinal fluid sample indicated a peracute, suppurative leptomeningitis (4,300 white cells/pl, 95% neutrophils, 5% monocytes, 203 mg/dl protein). No bacteria could be grown from this cerebrospinal fluid which had low (< 1:lO) titers to eastern, western, and St. Louis equine encephalomyelitis viruses. Serum titers of the foal (days 2 and 4 of life) and the mare (days 2 and 9 postpartum) to eastern, western, and St. Louis equine encephalomyelitis and equine influenza viruses and equine herpesvirus-I were all very low (< 1 : 10).
Materials and Methods
A complete necropsy was done. Blocks of tissue from viscera, brain, spinal cord, peripheral nerves and muscles were prepared in a conventional manner for light microscopy using hematoxylin and eosin (HE) staining. Brain sections were cut to include levels of the frontal cortex, septa1 region, thalamus, optic tracts, hippocampus, midbrain, occipital cortex, cerebellum and medulla oblongata at the cerebellar peduncles and at the level of the obex. Multiple sections of spinal cord were cut at the first cervical (CJ, and CS, Ca, C7, the first thoracic (TI), and T2, Tlo, Tls, the second lumbar (L2), and L3, L4, Ls, L, the first sacral (SI), and S2, Ss and S., segments.
Selected central nervous tissues also were stained with Luxol fast blue-periodic acid-Schiff (Luxol fast blue-PAS) and Cresyl fast violet-Nuclear fast red. Multiple counts were made of motor neurons present in areas equivalent to Rexed's laminae VII, VIII and IX of the spinal cord and clearly visible at 40x under the light microscope. Four transverse sections, two mm thick, were taken at each segment of spinal cord. Serial 5 pm sections, at least 15 pm apart, were cut and cell body counts were done on intact sections only. Counts on the left and right sides were compared by Student's t-test for independent means.
Sections of both femoral and both sciatic nerves also were stained with Luxol fast blue-PAS and with Prussian blue stain for iron. Both semitendinosus, quadriceps femoris and gastrocnemius muscles also were studied with Masson's trichrome and Prussian blue stains. The bones of the pelvic limbs were boiled, defatted and dried.
Results
Decubital ulcers were noted over both stifles and hocks. The left hind limb was shorter than the right hind limb. The quadriceps, semitendinosus and semimembranosus muscles on the left were very thin and pale, as were the left femoral and sciatic nerves.
No gross and histologic lesions were detected in the viscera. There was a peracute, mild, suppurative leptomeningitis most evident around the brain stem and cervical spinal cord, but not visible in the lumbosacral segments.
There was a significantly reduced number of motor neurons present in the ventral gray matter on the left side from L3 to S4 (table I; figs. 2-3 ). The left ventral nerve rootlets and their fascicles were much reduced in size at these segments compared with those on the right. No lesions were seen in the dorsal nerve rootlets, dorsal root ganglia, or spinal cord white matter.
The right peripheral nerves appeared normal histologically. Lesions on the left were more severe in the femoral than in the sciatic nerve. The nerves, fiber bundles, and individual fascicles were small with an apparent increase in perineural fibrous tissue. Whole nerve fiber bundles were absent and replaced by condensed perineurium containing adipose tissue with a fibrous network and residual mononuclear cells, many of which contained golden-brown pigment which was blue with Prussian blue stain. Occasional individud nerve fibers could be seen in these areas (figs. 4-6).
No lesions were observed in the muscles from the right hind limb. Lesions seen in the muscle sections examined from the left limb were most prominent in the quadriceps and mild in the other two. Whole muscle bundles and fascicles were missing and replaced with fat containing a fibrous network and many small, thin, tortuous, pale myofibers with few striations. Some iron containing, granular material was present in mononuclear cells in such areas. Sarcolemmal nuclei were clustered and very prominent, with karyorrhexis present. There was small and large group atrophy in other fascicles. Many fibers were rounded and some were vesiculated, pale and contained one to six or more central nuclei. Atrophy and/or nuclear proliferation was indicated by high densities of spherical, elliptical and angular sarcolemmal nuclei. Some bundles and fascicles of myofibers appeared normal (figs. 7-10).
Each bone from the left pelvic limb was smaller and weighed less than the corresponding bone from the right limb. These differences were approximately 8%. In addition, the articular surfaces were slightly hypoplastic and flattened (figs. [11] [12] .
Discussion
It is quite evident that this foal had arthrogryposis multiplex congenita involving one limb. Based on the current subdivision of true arthrogryposis into neurogenic and myogenic this case represents the first documented report of neurogenic arthrogryposis in the horse. This categorization is dependent primarily upon the demonstration of depletion of lower motor neuronal cell bodies supplying the affected body part.
A genetically determined absence of these neurons seems unlikely in view of the unilaterality and the evidence for atrophy of nerve fascicles and muscle bundles, as opposed to aplasia. It would not seem likely that a form of severe, infantile spinal muscular atrophy would be monomelic, and affected parts usually are hypotonic ("floppy") in such a disease. The changes in muscle in this foal do, however, closely resemble those seen in forms of congenital neurogenic atrophy in and hemlock in cattleI2 effect arthrogryposis via a similar pathogenic effect as associated with hyperthermia is not known. Such infectious, physical and toxic etiologies would be more likely to result in an asymmetric malformation than a genetic disorder. In spite of this, no evidence of a previous myelitis or an associated myelodysgenesis were detected in this foal. Likewise, no etiologic clues were forthcoming from the clinical workup to support one of these pathogenetic mechanisms. Multiple, in utero, peripheral neuropathies could result in neurogenic arthrogryposis. Such a process might explain the depopulated nerve fascicles, although a total loss of the corresponding cell bodies and no sensory loss might be unexpected. Nonetheless, experimental Coxsackievirus A-2 infection of chick embryos results in a marked myositis, and in a depletion of ventral horn neurons without inflammation, with an associated arthrogryposis. Coxsackievirus A-2 did replicate in the spinal cord and the authors did not exclude the possibility of an additional, direct effect of the virus on spinal cord neurons.' The presence of an iron-positive pigment in macrophages along affected nerves (and in atrophic muscle) is unexplained, and perhaps this could be residuum of compounds other than hemoglobin.
Congenital myopathies of man, some of which have been associated with arthrogryposis, may not be expected to be associated with prominent neuronal loss. In the experimental Coxsackievirus A-2 myositis model and in frog and chick embryo limb amputation experiments, however, there is a resulting reduction in ventral horn motor neuron numbers.18 The lesions associated with spontaneous and experimental arthrogryposis frequently seen with in utero Akabane virus infection in cattle have been studied recently.13. l 4 Evidence for a neurogenic (myelitis) component to the syndrome is well documented. These investigators describe changes in muscle, very similar to those in this foal, that were interpreted as myositis. Congenital denervation of muscle can be difficult to distinguish from myositis, partly because of the large accumulations of nuclei6. I 7 Consequently, in the absence of other characteristics of inflammation, the hypothesis that the muscle lesions in this foal-including the small and thin single muscle cells ("runt-muscle fibers"". 14)-represent denervation, appears most tenable.
Hypoplasia of bones and joint surfaces as seen in this foal is a common finding in arthrogryposis. Interestingly, although it is present in arthrogrypotic limbs of guinea pigs exposed to hyperthermia in utero, it also is found in litter mates which do not have arthrogryp~sis.~ Most cases of arthrogryposis and club-foot (talipes) in man probably are ne~rogenic.~,~. I Arthrogryposis in foals (including contracted foals) and many mild articular rigidities such as congenital contracted tendons, should thus be studied to determine the site of the lesion.
As is true for many cases of human arthrogryposis,2' the data presented here suggest an alteration of the lower motor neuron compatible with disturbance of the ventral horn cells. This case of neuromuscular arthrogryposis represents a step in understanding the complexities of the morphologic syndrome. As in man, however, some questions of responses of prenatal muscle and nerve tissue to various pathogenic mechanisms, such as denervation, need to be answered before precise etiologies can be ascribed.
